The study evaluated the effect of time and fatty acid (FA) composition in eggs of laying hens supplemented with tuna oil (TO). Two hundred White Leghorn hens 30-week were divided into 5 treatments with 4 replicates of 10 birds each. Treatments were assigned randomly and consisted of 0%, 0.75%, 1.50%, 2.25% and 3% TO in commercial sorghumsoybean meal diets, in which the soybean oil was partially replaced. The experiment was conducted for 90 days. At days 28, 56 and 84 of the experiment, 10 eggs per replicate were collected for chemical analysis. Feed intake, egg production rate, egg weight, and feed conversion were not influenced by dietary treatment. FA content was significantly altered (P < 0.05) by TO, showing a progressive increase in egg n-3 FA (especially docosahexaenoic [DHA] and eicosapentaenoic [EPA] acids) when TO was added. Levels of EPA and DHA were higher (P < 0.05) in the egg lipids of TO fed hens than those in the control group. This was correlated (P < 0.05) with the concentration of TO in the diet. However, no significant differences were observed either in egg weight or percent of egg lay between groups. There was a high correlation (P < 0.05) between TO inclusion level in the diet and the incorporation of EPA (r = 0.96) or DHA (r = 0.92) into the egg yolk and an overall decrease in n-6 FA. There was a high correlation (P < 0.05) between TO inclusion level and the incorporation of linoleic acid (LA, r = −0.95) or arachidonic acid (AA, r = −0.96) into the egg yolk. The highest incorporation (P < 0.05) of total n-3 FA content in eggs was obtained with 3% TO/kg. This increase was proportional to TO inclusion levels in the diets (r = 0.95). The results indicate that the n-3 FA content in eggs can be increased by dietary supplementation with TO, and that TO can serve as a reasonable alternative feed ingredient in layer diets to produce a healthier choice of egg.
Introduction
Recently, there has been much scientific and public interest in elucidating the role of diet in preventing morbidity and mortality resulting from some types of cancer, auto immune and cardiovascular diseases [1] [2] [3] [4] . The World Health Organization recommends that diets should pro-vide less than 1% of total energy intake as trans fatty acids [5] . Traditionally, Western diets are deficient in excessive amounts of omega-6 PUFA [4] . In many countries, the consumption of marine products is low; hence the benefit that could be derived from a diet rich in n-3 PUFA does not reach the majority of the population. Fatty acid (FA) content of the egg yolk can be modified through nutrition. Currently, linseed oil and marine products are used commercially to achieve this effect [6] [7] [8] [9] [10] [11] . The aim of the present study was to evaluate the effect of length of supply and FA composition in eggs of White Leghorn hens supplemented with tuna oil.
Materials and Methods

Birds and Diets
Two hundred White Leghorn hens were divided into five treatments with four replicates of ten birds each, housed in individual cages. The age of the hens at the start of the experiment was 30 weeks and an average body weight of 1858 ± 80 g. The treatments were assigned randomly and consisted of the incorporation of 0.75%, 1.5%, 2.25% and 3% in substitution of identical amount of soya oil in commercial sorghum-soybean diets. The diets ( Table 1) were calculated to meet the recommendations of the National Research Council Poultry [12] and the experiment lasted 90 days (three month production periods). Diets were formulated based on chemical analysis of fatty acid n-3 and n-6 profiles in the soybean oil and TO used in this study ( Table 2) . Feed mixtures were made fresh just prior to each month production period. Feed and water were offered for ad libitum consumption. Data from feed intake, egg production rate, egg weight, and feed conversion were calculated and egg samples were collected over a month production period.
Analytical Methods
At days 28, 56 and 84 (1, 2, and 3 months respectively) after the study started, 10 eggs from each replicate (40 per group) were collected and stored at 4˚C for whole egg (yolk and albumen) chemical analysis. Three replicate 1g aliquots of each sample were processed according to the methods described by Folch et al. (1957) [13] . Methyl esters of fatty acids were obtained using boron trifluoride. Fatty acids were quantified by gas chromatography using a DB-23 column (JW 122-2332 of 30 m × 0.25 mm internal diameter) on a Varian 3400 CX gasliquid chromatograph, equipped with an auto sampler and a flame ionization detector (Varian Associates, Inc., Sugar Land, TX). Nitrogen was the carrier gas at a flow rate of 30 mL/min. Temperatures were: column, 230˚C; injector, 150˚C; detector, 300˚C. Myristic acid (Sigma Co., St. Louis, MO) was used as an internal standard for FA. Retention times were compared with FA methyl ester standards [14] .
Statistical Analysis
Data from productive performance and PUFA content in the egg were evaluated by analysis of variance using the General Linear Models (GLM) procedure. Significant differences (P < 0.05) were further separated using Duncan's multiple range test and commercial statistical analysis software, with length of supply and treatment as main effects. Regression analysis between the inclusion of TO and n-3 FA and n-6 FA concentration in the egg content was also evaluated using commercial statistical analysis software [15] .
Results and Discussion
Production Performance
The use of TO did not affect productive performance of the laying hens (Table 3) , in agreement with Baucells et al., (2000) [8] who incorporated different PUFA into hens' diets without finding any effect.
Fatty Acid Composition
Fatty acid composition of egg yolk is readily altered by dietary manipulation [8] . FA content was altered by TO inclusion with a progressive increase in egg n-3 PUFA, especially docosahexaenoic acid (DHA, C22:6) and eicosapentaenoic acid (EPA, C20:5) whit increasing levels. The increase was associated with a progressive decrease in alpha-linolenic acid (ALA, C18:3), a precursor of the more biologically active forms of n-3, EPA and DHA. Levels of EPA were higher (P < 0.05) in the egg lipids of hens fed TO than those in the control group. Likewise, eggs from hens fed TO had higher DHA content than the control eggs. There was a high correlation between the TO inclusion level in the diets and the incorporation of EPA (r = 0.96) or DHA (r = 0.92) into the egg yolk (Table 4).
In the present study, a progressive decrease in linoleic acid (LA, C18:2) and arachidonic acid (AA, C20:4) was observed when TO was added ( Table 5 ). There was a high correlation (P < 0.05) between the TO inclusion level in the diets and the incorporation of LA (r = −0.95) or AA (r = −0.96) into the egg yolk. The highest incurporation of total n-3 FA content in eggs was obtained with 3% TO (Table 6 ). This increase was proportional to TO inclusion levels in the diets (r = 0.95).
Among the fatty acids, n-3 PUFA which has been described to have the most effective immunomodulatory activities, and among the n-3 PUFA, those from fish oil-EPA and DHA are more biologically potent than ALA [2, 16] . Current Western diets typically contains excessive amounts of n-6 PUFA and high omega-6/omega-3 ratio which have been associated with several pathological conditions such as cardiovascular disease, cancer, and inflammatory and autoimmune diseases, whereas increased levels of omega-3 PUFA have been reported to reduce those conditions [17] [18] [19] [20] .
Conclusion
Our results indicate that the n-3 PUFA content in eggs can be increased by dietary supplementation with TO and that TO serves as an energy and n-3 fatty acids alternative feed ingredient in layer hen diets to produce a healthier choice of egg. Ad ition of TO to laying hen d Table 2 . N-3 and n-6 fatty acid omega 3 (n-3) and omega 6 (n-6) calculated profile in the soybean and tuna oil used in the experimental diets (mg/100g of sample). Data is presented as mean ± standard error. In each column there were no significant differences (P > 0.05). 
